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MOTIVATION

e Evaluate tracer measurements from
AIRS, IASI, and OMI

— Plans to have IR measurements for ~20 years
* Global and long-term studies
— 4x daily coverage between the 2 IR instruments

— Check for consistency with OMI, an instrument
with well-established data characterization for
the total column product

« Use wide horizontal coverage of satellite

instruments to provide large-scale context for
aircraft measurements




OUTLINE

e Aircraft - AIRS/IASI/OMI Ozone

 Dynamic variability
 Horizontal variability
* Vertical variability

e Aircraft -AIRS/IASI Partial Columns of
€O, CH, and CO,




Stratosphere-Troposphere Analysis of Regional Transport Experiment (STARTO8)

and

HIAPER Pole-to-Pole Observations of Atmospheric Tracers (Pre-HIPPO)

Long range transport

April - June, 2008

Gravity wave generation

Convective transport

Science Goals:

- Characterize the chemical and
dynamical properties of the
extratropical UT/LS

- Investigate the role of different
transport pathways on the distribution
of key chemical tracers in the UT/LS
region

- Provide key measurement information
to improve the coupling between
chemistry and dynamics in chemistry-
climate models

- Map the distribution of greenhouse
gases to track seasonal changes in
sources and sinks
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-NCAR
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-Harvard Univ.
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NSF/NCAR High-performance Instrumented Airborne Platform for Environmental Research (HIAPER)

18 Research Flights, 123 Flight Hours
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AIRS

2,378 spectral bands in
the IR (3.7 - 15.4 um) and
4 in the Visible (0.4-1

um)
+/- 495 ° swath

9 FOV, 45 km horizontal
resolution at L2

Launch: May 2002
PM Equator-crossing
Aboard Aqua

8,461 spectral bands in
the IR (3.7 - 15.4 um)

+/- 48.3 ° swath

4 FOV, 50 km horizontal
resolution at L2

Launch: October 2006
AM Equator-crossing

Aboard METOP-A (plans
for METOP-B in 2010 and
METOP-C in 2015)

UV (270 - 314 nm,
306 - 380 nm) and
Visible (350 - 500 nm)

+/- 57 ° FOV nadir imager
3-km IFOV, binned to
13x24 km

Launch: July 2004
PM Equator-crossing
Aboard Aura




AIRS O3(p) KERNEL Functions: 910— 1140 cm™?

AIRS(v8b) f/ Mid—Lat Case: ozone Kernel functions: 10 * d{AT/AIn(03)}/dz
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Trapezoids and Pressure-weighted Layer Averages

pressSup effective
levels pressure
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Dynamic variability

Spatial and Temporal evolution of
large-scale Ozone features
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Horizontal variability

1- How well do satellite instruments track horizontal
(i.e., ~constant pressure) gradients in Ozone?

2- How can satellite-aircraft disagreements be
explained (e.g., distance to tropopause, cloud
fraction, cloud top height, ..)?
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23 Cruise Legs (> 200 km each)
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Satellite-Aircraft Dependence on Distance to Thermal Tropopause?

o

Percent Difference O,

o

o
Q
2
Q
S
=
(=]
—
c
Q
e
[}]
o

8 9 10 11 12 1314 15 16 17
Cruise Leg Number

|
-125 0 125

GFS Tropopause - GV Pressure Difference (mb)

Percent Difference O,

o




o

Percent Difference O,

GFS Tropopax

RFO4 Flight Curtain 20080428 RFOS\Flight Curtain 20080430

Longitude {d: eg\!rees) Longitude {degrees)

-104.05 -9876 9350 —88.14 -89.19 -92.83 -9836 -85 —-8B,32 -91.96 —96.37 -100.76 —104.61 —94.88 .6 —95,09 —98,48 —101.93 —104.70 —103.43
39.61 39.29 39.44 39.84 39.81 39.52 39.02 39.39 9.84 39.63 39.62 38.30 39.19 39.08 X X b 32,25 E 33.6. 3574 37.70 40.47 41.93

Latitude {degre: Ljitude (degrees)

Altitude (km)
Pressure (hPa}
Altitude (km)

Pressure (hPa)

15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30 21:00 21:30 22:00

18:00 18:30 17:00 17:30 18:00 18:30 18:00 18:30 20:00 20030 21:00
Time (hh:mm} Tirne {(hh:mm}
(T W Potential Temperature (K) Wind Speed (m/s) (I B Potential Temperature (K) Wind Speed (m/s)
S 10 15 Potential Yorticity (pvu Tropopause Height 5 10 15 0 Potential Vorticity (pvu Tropopause Height
dTheto/dZ (K/km) Y (P pop g dTheta/dZ (K/km) 7 (p) pop J

Thermal Tropopause

2 PVU Tropopause




AIRS

1ASI

oM

|
o

600
GV O, (ppbv)

400

400

300

Satellite-Aircraft

£0 99uaJaI(g JUS2Id

Q
O
<
\Y
o
<
Q
Q.
Q
O

o.
L\
i)
s |
=
<
(@)
o
£
L\
<
(@)
N
@)
<
(@]

-100
400

-100
400

£0 99uaJaIQg Wd219d

£0 99uaJaI(Qg 2194

-100

1000

800

200




1200

N=52 (16%)

AIRS only L e ______________

compared to i
" o 600 .................. :_“._,_H.,..,,A.,A .u“.“_”,«.“; ~~~~~~~~~~~~~~~ 444444444444444444
GV aircraft o W36 o o
< 400 ®-58----mno- I s Sey poomsmmmmseeee-
ood
200 v e e S O S
f ’ 103 142 mb
0
1200 P
N = 206 (61%) | v °e8 ¢
L i S B T i
g o0 I It O I o
2 §° °° g °8. °
< A00)rmee e l’t- """"""""""" """"""""
o Vs ST Poe
200{-- 3 g e o e
; ' 142 212 mb
0
1200
N =78 (23%) ;
L S
3 800 ~~~~~~~~~~~~~~~ R S— -------------- --------------
[ : : : i
o« : : : :
] S P
200} 3 L00--0- !’5 --------------- I—
e 212 300 mb
0 i
0 200 400 600 800 1000 1200

GV O, (ppbv)




100

AIRS-Aircraft
Dependence:

on Cloud Fraction?

On Cloudtop Pressure?

AIRS Total Cloud Fraction

AIRS Min. Cloudtop Pressure (mb)

-100 -50 O 50 100 150 200 250 300
Percent Difference O,

T T T T T T

0.05 01 0.2 025 050 075 1.0 15 20 25 3.0
Percentage of Observations




AIRS First Guess
versus
AIRS Retrieval

AIRS Retrieval - GV O, (ppbv)
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Percent Difference versus Latitude AIRS and aircraft colored by Cloud Contrast
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Vertical variability

1- How well do satellite instruments capture
Troposphere-to-Stratosphere
transition (i.e., slope) in Ozone?

2- How well do satellite instruments agree with GV
Ozone maghitudes as a function of height?
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OMI O, (ppbv)
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Partial Column Comparisons of
CO,, €O, and CH,




Satellite Avg Partial Column CO (ppbv)
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# of columns (finite GV NCAR and AIRS) = 69; # of columns (finite GV NCAR and IASI) = 61

Satellite goes out to +/-200 km from center of GV profile
Can’t constrain time, so satellite ‘pixels’ can be from different orbits
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Satellite Avg Partial Column CH, (ppbv)
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Satellite Avg Partial Column CO, (ppmv)
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Conclusions

AIRS/IASI/OMTI Ozone show strong correlations with PV contours in space and time.

All 3 satellite instruments show a consistent behavior (qualitatively and quantitatively)
despite different measurement techniques and time of measurement when compared to
the in situ observations.

AIRS/IASI/OMTI show a good qualitative agreement with the aircraft in the presence
of horizontal gradients in Ozone. Quantitative disagreements are correlated with
proximity to the thermal tfropopause and cloud top pressure (IR meas.), but not with

cloud fraction, latitude, or cloud contrast.

OMLI agrees best with the aircraft at the UT and Tropopause, while AIRS and IAST
agree best with the aircraft in the LS.

AIRS and TASI show positive biases in the UTLS within 30% of the aircraft; OMI
shows negative biases in the UTLS within 25%, instead.

TIASI CO shows good correlation and less scatter than AIRS; AIRS and TAST CH, show
opposing behaviors with respect to the aircraft; AIRS ad IASI CO, show very weak
correlations with respect to the aircraft.




